ABSTRACT
INTRODUCTION
Impaired driving, particularly, drink-driving has been identified as a major risk factor of road traffic crash frequencies and severity (Global Road Safety Partnership, 2007; Longo, Hunter, Lokan, White, & White, 2000; Wells & Macdonalds, 1999; WHO, 2009) . Most countries which have prioritized alcohol research seem to have found a concurrent decline in drink-driving and its related road traffic injuries and fatalities. According to Chang et al., (2012) , in the United States, alcohol related fatalities have significantly declined from 60% in 1982 to 40% in 2006 due to the effectiveness of countermeasures premised on deterrent laws. On the contrary, in developing countries, no discernible pattern of alcohol-related research protocols has been established. The paucity of alcohol-related research in developing countries has been reported by (Mock, Asiamah, & Amegashie, 2001; Obot, 2000) . Evidence of drug and alcohol impairments are only sought when crashes involve public figures (Owusu Achiaw & Donkor, 2007) . There is however evidence suggesting frequent use of alcohol and other drug among adolescents in Ghana (Adu-Mireku, 2003; Doku, Koivusilta, & Rimpela, 2012) , thus, suggesting the potential involvement of alcohol in traffic crashes. The extent to which alcohol use is translating into road traffic crashes is yet to be studied in greater detail in Ghana and Africa. This situation does not augur well for road safety in developing countries. One way Ghana can improve their road safety situation is to prioritize alcohol research. The objective of the study is to establish the determinants of roadside drinkdriving prevalence and its association with road traffic injury severity in Ghana.
METHODOLOGY
The cross-sectional study design was used for the alcohol data collection. There was no prospective or retrospective follow-up of participant drivers on their drinking history. No identifiable information regarding the drivers' name, telephone and car numbers was collected.
Sampling technique
Systematic random sampling was used in selecting candidate drivers in which every fifth vehicle was stopped for breath test and interview. In few cases, some fifth cars were allowed to pass when successive samples had been repetitively of one mode of vehicle in which case purposive sampling was used instead to cater for other modes which would have been otherwise underrepresented in the regular sampling frame.
RESULTS
In total, 2,736 drivers were randomly stopped and their BrAC measured with the breathalyzer; Alco-sensor V. Among those drivers whose BrAC were tested, 8.7% had detectable alcohol in their breaths whilst 5.5% exceeded the legal alcohol BAC limit of 0.08% in the country.
Determinants of drink-driving among Ghanaian drivers
A multivariable logistic regression analyses in which drivers BAC levels was stratified into binary levels; (a) BAC above legal limit and (b) otherwise to determine which covariates are associated with drink-driving was carried out and the results displayed in Table 1 . In the logistic regression, the variable vehicle type was categorized into five levels namely; bus, bicycle/motor cycles, cars (including taxis) and trucks. Other covariates and their respective levels were (1) drivers' educational level i.e. none, basic education, secondary school certificate qualification, and tertiary or higher qualification (2) drivers' age stratified into 18-29 year olds, 30-39 year olds, 40-49 year olds, 50-59 year olds and 60 or more years; (3) driver category i.e. private or commercial vehicle category; and (4) day of the week.
Driving trucks was significantly associated with impaired driving, p=0.009. The odds of being found drunk on the roadway is two times higher among truck drivers compared with car drivers, OR=1.8; (95% CI: 1.16 to 2.82). There was no significant differences between the likelihood of being drunk among two-wheeler riders (cyclists and motorcyclists), p=0.535 and bus drivers p=0.406 when compared with car drivers. Having a formal education is seen to be a significant predictor of lower propensity for drink-driving. Drivers without any formal education were associated with an elevated likelihood of drink-driving, p=0.012. Compared with drivers who has basic education, the odds of being drunk among drivers without any formal education was OR=1.8: (95% CI: 1.14 to 2.98). There appears to be a consistent similarity regarding the association among drivers with formal education and drink-driving. The odds of being found drunk among secondary school graduate and tertiary level graduate drivers were not significantly different p=0.692 and p=0.447 respectively compared with drivers with basic education.
As illustrated in Table 1 , age of drivers was a significant predictor of drink-driving in Ghana. By comparing the youngest drivers' age groups, i.e. the (18-29) and 30-39 year-olds with the 40-49 year-olds yielded significantly higher likelihood of drink-driving OR=1.6 and OR=2.0 respectively. The 50-59 year-olds were also at 3.2 chance of drink-driving compared with the 40-49 year olds, p<0.001. The likelihood for the aged to drink-drive was not however significantly different from the referent age group the (40-49 year-olds) p=0.817. According to Table 1 , with the exception of Wednesday, there appears to be a general reduced likelihood to drink-drive on most days of the week compared with Saturday. The logistic regression model predicts a significant reduced propensity of being drunk among drivers whose BrACs were measured on Thursdays p<0.001 and Fridays p=0.008 when compared with Saturdays drivers. The apparent reduction of the likelihood of being drunk was not however statistically significant for Sunday p=0.244 and Monday p=0.154 when compared with the referent day (Saturday). Also, the apparent higher odds for being observed as an intoxicated driver on the roadway on Wednesday was not statistically different from Saturday p=0.158.
Finally, commercial car drivers had 41% lower rate of drink-driving compared with private car drivers p=0.021.
Relationship between drink-driving and road traffic crashes
Crash data for 2010 was analyzed for settlements and road sections for which randomize breath test data were collected. In total, 5,365 independent road traffic crashes occurred in the study areas out of which 841(15.7%) were fatal, 1,554(20.1%) were serious injuries requiring at least a 24-hour hospitalization, 1,554(29%) were minor injuries which required only out-patient treatment whilst 1,889(35.2%) resulted in property damage only crashes. In the bivariate logistic regression analysis, the damage only crashes were omitted from the data set. Dichotomous dependent variable accident severity (fatal versus non-fatal) was created and used in the bivariate model whilst the proportion of drivers exceeding the legal BAC was left as a continuous covariate. As illustrated in Table 2 , there was a significant relationship between the proportion of drivers exceeding the legal BAC and road traffic fatalities p<0.001. On the whole, a 1% increase in the proportion of drivers exceeding the legal BAC is associated with a corresponding 4% increase in road traffic fatality, 95% CI=3% to 5%. This implies that, a reduction in the proportion of drivers exceeding the legal alcohol limit by 1% or 2% might respectively lead to a 4% or an 8% reduction of road traffic fatality in Ghana.
DISCUSSION
The roadside prevalence of drink-driving in Ghana is 5.5%. Drink-driving above a legal limit of 0.08% of this magnitude is very high because in countries where similar roadside breathalyzer studies have been conducted showed prevalence rates between 2.9% and 3.7% of drink-driving in the US (Chou et al., 2005; Chou et al., 2008) and 2% in Thailand (Ingsathit et al., 2009) . The roadside prevalent rate of 3 to 4% in the US resulted in about 40% of alcohol related fatality in that country. The magnitude of the impact of drink-driving traffic crashes in Ghana could be potentially higher. Mock et al., (2001) reported an impaired driving rate of 7% in Ghana which is statistically not different from the current prevalence rate. The main reason why drink-driving prevalent rate has remained higher over time in Ghana is due to weak enforcement. Countries which have registered significant declines in drink-driving have achieved this through consistent enforcement of the drinkdriving traffic law. The success of the enforcement is premised on deterrence theory which fundamental attributes are certainty of apprehension, swiftness and severity of punishment (Freeman & Watson, 2006 , 2009 Watling & Freeman, 2011; Watling, Palk, Freeman, & Davey, 2010) . It was determined in the study that over 95% of drivers have never been tested for alcohol on the roadway during their lifetime driving suggesting low level of enforcement. Our study predicts a potential reduction of 4% in traffic fatality associated with a 1% decline in the proportion of drink-driving on the roadway. Thus, to achieve declines in drink-driving related traffic crashes and fatalities, it is recommended to increase random breath testing on the roadways.
The probability of drivers who tested positive of alcohol to exceed the legal alcohol limit of Ghana is 64% indicating the overwhelming tendency for episodic drinking among Ghanaian drivers. This is partly because unlike the developed countries, Ghana has not defined standard drinks on the bottles of alcoholic beverages and drivers who have the urge to drink and drive anyway do not know the number of standard drinks that will reach the legal BAC and for that matter permissible for drivers. For instance, when drivers who tested positive were asked about the number of drinks they had consumed on their drinking sprees in Ghana, they answered by saying they drank two calabashes of palm wine or two pots of pito or three bottles of beer. These units of measure are too arbitrary and therefore unscientific to be relied upon for determining the amount of alcohol an individual has consumed. Conversely, in the industrialized countries, people count the amount of alcohol they have consumed in terms of standard drinks. It is therefore recommended that Ghana should define what a standard drink is in their context and enforce that standard drink labels are embossed on each kind of drink on the market.
Formal education is associated with a significantly lower likelihood of drink-driving compared with drivers without any formal education. The likelihood of observing a drunken driver is 1.8 times higher among drivers with no formal education compared drivers with basic education. The incidence of drink-driving was however not statistically distinguishable between one educational level and another. It appears drivers with formal education qualification have a better understanding and appreciation for the impairing effects of alcohol and the concomitant higher accident tendencies of drunken drivers thus engendering their higher sobriety levels compared with drivers without formal education (Abikoye, 2012) . It is recommended that drivers should be given periodic education on the legal BAC limit and the harmful effects of drink-driving in the media.
Among the vehicle types observed, only bus drivers recorded lower likelihood of drink-driving compared with car drivers. Two wheeler riders and truck drivers had elevated drink-driving rates relative to car drivers. This might be one of the reasons accounting for truck drivers' over involvement in road traffic crashes and fatalities. Contrary to the general perception that commercial drivers have higher propensity to drink and drive in Ghana, private car drivers are the worst offenders of impaired driving.
It was evident in our results that the youngest age categories of drivers, the 18 -29 and the 30-39 year olds, have elevated propensity of drink-driving compared with the 40 -49 year olds. In corroboration with findings from the advanced countries, episodic drinking is associated with the youth and has resulted in their over involvement in alcohol related crashes (Clarke, Ward, & Truman, 2005) . The advanced countries have therefore outlined strategies aimed at combating high rates of drink-driving in general and for the young drivers in particular. One of such policies is increasing the minimum legal drinking age (MLDA) for drinking alcohol in the country until age 21 or above. Research have found the MLDA to be a successful programme in reducing young drivers' alcohol related accident rates significantly (Hingson, Heeren, Levenson, Jamanka, & Voas, 2002; McCartt, Hellinga, & Kirley, 2010; Tomas Dols et al., 2010; Wrechsler, Lee, Nelson, & Lee, 2003; Zarajsek & Shope, 2006) . This policy has been proven to have a positive effect on drink-driving and its related traffic crashes in two dimensions. Firstly, according to (Begg & Langley, 2001 ) many young people mature from their youthful impulsivity after age 26 and if by this time they have never tasted alcohol, may end up not drinking alcohol at all throughout their life time. Secondly, the turbulent adolescent behaviour might pass before the drinking law permits them to taste alcohol. Crossing over adolescence and young adulthood without drinking alcohol will ultimately prevent potential alcohol related traffic crashes among this age group.
Conclusion
A significant association between roadside alcohol prevalence and road traffic fatalities has been established. In order to reduce drink-driving prevalence and its attendant road traffic crashes, it is recommended that the country should scale-up randomized roadside breath testing programme, define standard drink and disseminate this to the populace through intensive media education, increase the minimum legal drinking age to 21 years, and reduce legal BAC limit for the youth to 0.05% in respect of the current legal limit of 0.08%. The prevailing legal BAC of 0.08% is on the higher side, therefore as a longtime measure, the country should consider reviewing this level downwards due to the apparent impairment at the 0.08% level.
